N THE LATE nineteenth century and the early twentieth century, there was a series of new inventions--electricity, the telephone, the motorcar, and the airplane. Now, as the twenty-first century dawns, we have the invention of the computer, accompanied by the emergence of telecommunication modalities.
world has shrunk progressively, and increased the ability to transmit data, develop information, acquire knowledge, and, finally, assimilate wisdom. The ultimate communication improvement is the "virtual environment," where distances will become inconsequential, time will become immaterial, and knowledge and wisdom will no longer be the prerogative of the privileged few.
Throughout the history of civilization, from the invention of the printing press through the development of the automobile to the invention of the computer, we observe a cyclical phenomenon. There is an initial reluctance to accept the new technology, followed some time thereafter by a massive incursion of the new technology, penetration throughout the market, and an acceptance, which moves on to refinement of the technology. We have seen this paradigm replicate itself in every element of human endeavor.
This cycle in the marketplace occurs in three predictable stages: (1) the innovation wave--when new products and services make their way into niche markets; (2) the spending wave--when the economy booms and the race for leadership in emerging new industries heats up; and (3) the power wave--when organizational change and revolution in work secure the mainstream position of the new economy and create a productivity surge.
With every technology revolution a new age is ushered in making life more streamlined and allowing the human race to expend its considerable evoluUonary momentum into further improving its environment.
"Immediacy is the driver of the digital economy---commerce is non-stop and real time: products obsolesce more quickly, the first to market are rewarded. Agility and the capacity to shift to ever-changing conditions are basic."--Bruce Harreld IBM strategist.
Medicine of all the branches of science has lagged behind the power curve in ages past and is doing so again in the era of information, frequently using the excuse that medicine is more of an art than a science.
In alarming contrast, the general population has come to expect immediacy in all aspects of life as well as death. They are clearly frustrated with our inability as purveyors of healthcare to answer their need for immediacy and resolution. This manifests itself in the increasing diatribe against health maintenance organizations (HMOs) and the growth in tort claims, the widening chiasm between the healthcare providers and their beneficiaries.
PART 1
There is no area of specialization in healthcare that lends itself better to adopting the efficiencies conferred on us by the information revolution than radiology. With the advent of the digital output from radiology acquisition devices, the laying down of rapid networks, vast storage capabilities, computer-aided design, etc, radiology has become the exemplar of medicine's entry into the Information Age.
While this is exciting, a quick survey of the landscape in radiology reveals that most radiology departments throughout the country have been extremely slow to embrace these changes. There is clear evidence of panic on the consumer side of the industry. The vendors are scrambling to get a foothold and rushing to invent a better mousetrap. A plethora of how-to pundits with seminars and workshops have sprouted up teaching radiologists and radiology departments how to enter the information-electronic age.
The practice of medicine, like most complex endeavors, can be dissected out into the highly customized, complex, intuitive and pleasurable right-brain tasks and the repetitive, mind numbing left-brain tasks. The relegation of left-brain tasks to machines will make medicine efficient and more accessible.
In order to embark on this journey and achieve this goal successfully, some fundamental principles have to be accepted: there is nothing magical or redemptive about hard work. Inefficiencies are avoidable. They do not add "character" to our milieu. We need to develop a manageable method of addressing and incorporating the imminent changes imposed on us by the lnformation Revolution.
Most organizational behavior can be characterized as one of two types ora mixture of the two in varying proportionsl: (1) make-and-sell organizations--predict what the market will demand, make products and then go out and sells them. This is, for the most part, an efficient left-brained endeavor. (2) Sense-and-respond organizations--help to identify the customer's needs and work to satisfy. This is clearly more right-brained and intuitive.
All businesses interact with their customers in at least two ways--the following two paradigms in the transaction of business/commerce--(1) it makes offers to them, and (2) it responds to requests from them. When we apply this to the practice of radiology, we find that there are both aspects to our conduct of business. The advantage in defining our business environment along these lines is that it allows us to streamline our jobs. We can then deliver what our customers clamor for: a customized product delivered efficiently.
PART 2
We need to look at the following aspects of our business:
Who are our customers and what ate our products/services ?:
9 Patients--who require our diagnostic expertise, our intervention and our therapy 9 Clinicians--who request our diagnostic expertise to help them chart their course of action 9 Student bodies, which include ourselves, our peers, our subordinates, our superiors, and the vendors from whom we purchase equipment or services--these entities assimilate our diagnostic expertise, store it with their fund of information, and refine their own body of knowledge to use for future scenarios 9 The organizations we work for--ie, our department, our hospitals, our HMOs. These entities use our contribution to develop and deliver their charter-healthcare and health maintenance.
How do we interact with our customers?:
Patients 9 data entry for demographic and disease/ health history 9 perusal of relevant historical information pertaining to the problem in question 9 delivery of service--ie, performance of the diagnostic or therapeutic procedure Clinicians 9 consultation 9 reports 9 direction to consideration different avenues of diagnosis or therapy Students 9 didactic 9 Socratic The Organization 9 analysis of trends 9 prediction of demands 9 recommendation on future direction, expenditure 9 input to organizational strategy Most of our inefficiencies lie in the repetitive mind-numbing tasks that are performed mostly by the front-line workers in our establishments. Frontline workers themselves find these tasks uninspiring and fatiguing. Midlevel supervisors encounter a great deal of frustrations themselves from having to deal with variations in the quality of performance of left-brain tasks, lack of dependability of the personnel involved, and lack of consistent reproducibility of the task.
In a completely filmless department with seamless interface of the radiology information system with the hospital information system, several of these efficiencies are realized readily. The implementation of a completely digital department also adds considerable value by providing additional tools that are not available in an analog and labor-intensive department. The most important advantage conferred by the computer, information technology and the improvement in communication, is the gift of time--time for the patient, time for the clinician, and time for the student.
Every product and its component tasks can be categorized into whether they are operational, tactical, or strategic. Table 1 is an adaptation of a table by Schultheis and M. Sumner on the issue of managemenc It can be adapted to every product and its production within a radiology department.
To take advantage of this strategy for preparation for radiology's entry into the information age, we propose the following steps:
9 Analyze each product and separate it into the component tasks that go into the production and delivery of the product. 9 Reanalyze these components to ascertain which are best performed by a consistent and/or repetitive process. 9 Insert automation into the conduct of daily business and replace the repetitive processes by computer assistance 9 Expend the resources of the department in those areas that are best served by a sentient entity. 9 Readdress this cycle until it is refined to the point of no further improvement. For instance, one of the most important products in a diagnostic radiology department is the diagnostic radiology report. Let us analyze the cycle of production according to the plan proposed above. r marks have been placed against tasks which are repetitive and could be automated. One will discover that majority of the operational tasks can be automated.
9 data entry ~/ 9 scheduling J" 9 retrieval of historical data and information ,/ 9 performing the imaging procedure 9 displaying of information obtained from the patient ,/ 9 comparison with previously obtained information 9 generation of reports 9 normal reports 9 standard abnormal reports r 9 customized abnormal reports 9 dissemination of reports to the requesting clinician ,/ 9 storage of information, image and report ,/ 9 assimilation of data for quality assurance r 9 keeping track of department/equipment/radiologist/technologist/ancillary worker performance / 9 Assessing sensitivity, specificity, accuracy of diagnosis 9 obtaining infonnation from other sources such as pathology for comparison ,/ 9 Comparing the provisional/radiologic diagnosis with the final diagnosis 9 making recommendations to improve efficiencies, improve knowledge base for all student entities 9 providing access to libraries, current literatute, etc ,/ 9 displaying trends V" 9 making forecasts based on trends 9 making recommendations based on forecasts Operational and strategic tasks are intuitive and unstructured. Several of these tasks can be prestaged using models. However, ir is critical to refine and fine-tune the answers gleaned from the model by personal attention and practice.
Optimization models such as those using linear programming can be used for a variety of projects such as developing budgets, selecting least-cost mix of personnel and equipment ingredients for running a diagnostic radiology department, optimal manpower allocation, workload leveling, cost and workload shifting, etc. Decision analysis models, project planning models, and management models can be used to coordinate large projects and to uncover flaws in the original plans. A variety of 
